INTRODUCTION
Fr was shown in an earlier report (Grindle, ig6, ) that wild isolates of A. nidulans formed heterokaryons readily with their own respective spore-colour mutants but they rarely formed heterokaryons with the spore-colour mutants derived from a different wild isolate of the same species. The compatible isolates, that is those that did form inter-strain heterokaryons, were very similar in morphology and had been obtained in the wild from localities less than one mile apart. It seemed, therefore, as if the ability to form inter-strain heterokaryons might be restricted to isolates obtained within a limited area and closely related genetically. To test this possibility, an additional i8 wild isolates of A. nidulans were sampled from different areas in England. This paper describes the intra-and inter-strain compatibility of these isolates.
MATERIALS AND METHODS
The wild isolates were recovered from two localities, Birmingham and Beamish (County Durham), which are 200 miles apart. Small quantities of surface soil or fruiting bodies of various Basidiomjvcete fungi were sampled from these localities over areas of 8 square miles and s square mile respectively.
The fruiting bodies were placed in sterile Petri dishes and after 24r hours any spores that had collected in the dishes wer' suspended in a dilute solution of Tween 8o (a wetting agent). Soil samples were shaken in sterile capped tubes containing Tween 8o and allowed to stand until only the very fine soil particles remained in suspension. Small amounts of the resultant spore suspensions were plated undiluted on Plunkett's medium (PM) of about pH 'o and on PM of pH 5 0 containing 4 per cent. sodium chloride and incubated at 25° C. Soil particles were also sprinkled directly on to both these media. Since colonies of A. nidulans grow rapidly and sporulate profusely on PM, they could be distinguished readily and isolated on to fresh media after only four days. When the suspension contained a heavy bacterial inoculum, Czapek minimal medium (MM) containing 5 per cent, sodium chloride proved to be a much better selective medium for A. nidulans and also for many other species of this genus.
All isolates recovered from the same spore suspension were transferred on to plates of MM where they were compared subjectively after several days' growth. if a number of morphologically identical colonies was obtained, only one of them was selected at random for testing. Two or more isolates recovered from the same source were selected only if they were quite different in appearance, with one exception, namely isolates 34 and 35 which were phenotypically indistinguishable.
The techniques used to evaluate the morphological characteristics and heterokaryon compatibility of the selected isolates are those described previously (Grindle, 1963 1954 Dec. sg6r Mar. 1962 ,, The letters are used to distinguish between different isolation sources; isolates obtained from identically lettered regions, e.g. 27 and 28, or 43 and 44, were recovered from the same fruiting body or the same soil sample.
After testing several of the isolates, it became clear that they could be divided into distinct compatibility groups and that the behaviour of any isolate in a particular group was representative of all other isolates in that same group. For example, if isolates X, Y and Z were equally compatible with any of the spore-colour mutants derived from them (i.e. about 4 per cent. of the conidial heads in any combination of strains were heterokaryotic), any new isolate which formed heterokaryons readily with X would also form heterokaryons, just as readily, with Y and Z. Because of this, some isolates were tested in very few combinations, sufficient only to place them in a particular compatibility group. These will be referred to as h-c (heterokaryoncompatibility) groups.
After completing the heterokaryon tests, all the wild isolates were grown simultaneously at 25°C . on MM containing New Zealand agar and their morphological characteristics were evaluated. The characters measured and the data obtained are given in table 3.
Representative isolates are illustrated in plates I and II.
TABLE s
Frequencies of mixed conidial heads in intra-a.iid inter-strain combinations. The frequencies are estimated by examining several areas of each mixed culture in which both green-spored and white-(or yellow-) spored conidiophores are present and intermingled: the number of mixed (i.e. heterakariotic) conidial heads-those with both green and coloured spores-Is gwen as a percentage of the Iota! conidial heads examined.
Spore-colour mutants By combining the information from tables i, 2 and 3, and by relating the heterokaryon compatibility of the isolates to their morphological characteristics and their isolation source (table 4), the following points emerge.
i. Wild isolates of A. nidulans can be differentiated on the basis of their ability to form heterokaryons with each other into a number of distinct groups.
2. Isolates within a particular h-c group form heterokaryons with their own spore-colour mutants with about the same frequency as they do with those derived from any other isolate in that group. About 4 per cent, of the conidial heads formed by a mixed culture consisting of any two different strains are heterokaryotic. 3. Isolates of different h-c groups are either incompatible or they form heterokaryons very rarely, only about o'I per cent, of the conidiophores produced by mixed cultures being heterokaryotic. 4. Isolates of the same h-c group tend to be either identical or extremely similar in appearance. The variation in surface morphology and in growth rate (but not in conidial density or sexuality) among isolates of the same group is much less than the variation among 20
isolates of different groups (table 5) . Sporulation and sexuality, however, are not satisfactory indicators of naturally occurring nuclear differences (see section 4).
Different isolates obtained from the same locality, even from
the same soil sample, may be incompatible. Heterokaryosis, the occurrence of genetically different nuclei within a common cytoplasm, is an essential preliminary to outcrossing in homothallic fungi (see Buxton, 1960, for review) . In species such as A. nidulans, the nuclei from different parental strains can be brought together in the same cell lineage only if those strains are heterokaryon compatible. Consequently, their ability to form heterokaryons with each other determines whether they can exchange genetic material.
It is evident from our data that many combinations of isolates are incompatible. Therefore, no interchange of genetic material can occur and the isolates cannot interbreed. Where several isolates are compatible, and can share a common gene pooi, it seems likely that the various nuclear types differ so little genetically that the consequences of meiotic or mitotic recombination within many heterokaryons would be little different from those of selfing. As pointed out previously (Grindle, 1963) , however, some inter-strain heterokaryons may occur so infrequently that they will not be detected by our technique. Also, heavy selection pressures which favour heterokaryon formation may occur under certain conditions in nature. Furthermore, since the measurable characters of fungi are far fewer than those of higher plants, isolates that are apparently identical morphologically may perhaps differ by many genes.
If two wild isolates that differ only in physiological characters are compatible, it is clear that new physiological races can arise as a consequence of genetic recombination within a heterokaryon formed by two apparently identical strains. Claims to have demonstrated this, however, are nearly always founded on laboratory studies in which the heterokaryons were formed between different artificially induced auxotrophic strains, and the presence of many mutations, especially those for nutritional requirements, may have increased the compatibility far above that of the wild homokaryotic isolates. Since the differences among wild isolates are quite unlike the differences among laboratory mutants, compatibility of wild isolates may bear little relation to the compatibility of laboratory mutants.
In many instances, evidence for heterokaryosis and mitotic recombination are based on studies in which heterokaryons were obtained between various mutant forms of a single wild isolate so that all the heterokaryons produced are intra-strain heterokaryons. Such data on genetic recombination gives little indication of what might be expected to occur under natural conditions. It would seem that the significance of heterokaryosis for outbreeding in some fungi may be much less than has been thought. If natural inter-strain heterokaryons occur with a very low frequency, and especially if they usually involve homokaryons which are very similar in genotype, it is possible that the variation within some species of filamentous fungi, due to meiotic or mitotic recombination, may be less than the variation due to direct mutation.
(ii) Genetic relationships of wild isolates Wild isolates of A. nidulans that can form heterokaryons with each other and can, therefore, interbreed are usually extremely similar in surface morphology. This suggests that two quite different criteria, heterokaryon compatibility and morphological similarity, may be alternative means of assessing the genetical relationships of different isolates. Many of our isolates which were not compatible, however, were nevertheless very similar in appearance. Conversely, a few of the isolates that were dissimilar in appearance were highly compatible (e.g. isolates 28 and ) while others (e.g. 26 and 28) were compatible to a slight extent.
Obvious differences in phenotype do not necessarily imply large underlying differences in genotype, and morphologically distinct strains may differ by only a single nuclear gene. Indeed, the variation encountered may, in some cases, be due to cytoplasmic rather than nuclear gene differences. For example, two pairs of highly compatible isolates, 31 and 37, 40 and 43, each contained a high-sexual and lowsexual isolate. The high-sexual isolate of each pair (i.e. 37 and 40), however, produced occasional low-sexual sectors that were identical in all respects to the other compatible isolate (see plate II, fig. 3 ). Jinks (1956 Jinks ( , 1957 showed that it was possible to select for high-and low-sexual progeny from a single parental colony of Aspergillus glaucus and concluded that these differences in sexuality were transmitted in the cytoplasm and not by the nucleus. Similar selections for highand low-sexual lines of several Birmingham wild isolates of A. nidulans have been successful (Arlett, i g6o; Jinks and Grindle, unpublished; Croft, 1963) .
Thus, if we assess the genetical relationships of wild isolates from either their appearance or their compatibility we do not necessarily reach the same conclusions. The two criteria are complementary rather than alternatives. This is seldom considered, however, in fungal taxonomy and species relationships are usually decided entirely on phenotypic characters. By doing so, isolates which are similar in appearance but which cannot share a common gene pooi will be classified as the same species.
If we classify our isolates of A. nidulans according to their ability to exchange genes freely with each other, each of our h-c groups would become separate species or subspecies. Like the sibling species of Drosophila (see Patterson and Stone, 1952) these species units would comprise phenotypically similar but genetically isolated individuals. Whether such a system of classification can be applied satisfactorily to microorganisms must await further studies.
SUMMARY
Eighteen wild isolates of Aspergillus nidulans were obtained from two widely separated localities in England. Their morphological characteristics were compared and they were tested for their ability to form heterokaryons with each other. The results showed that: i. The ease with which wild isolates form heterokaryons with each other varies greatly.
2. Many isolates even if obtained from the same soil sample, are incompatible in that they do not form heterokaryons with each other.
3. Regardless of the locality from which they are recovered, highly compatible isolates are usually identical or extremely similar in surface morphology.
The significance of these findings for outbreeding of filamentous fungi and for the genetical relationships of wild isolates is discussed.
FIGS. i and 2.-Typical] (isolate 28) and atypical (isolate) members, respectively, of h-c group A. Fin. 3. Isolate 36, a typical member of li-c group B. FIGs. 4-6.---ISOlateS 31, 33 and 37, respectively, all in h-c group C. Note that apart from differences in sexuality, isolates 31 and 37 are very similar in appearance. All colonies growing on Czapek minimal medium. Isolate 33 is 12 days old; all otiser colonies are ii days old.
